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(57) ABSTRACT 

Methods of preparing peptide linked oligomeric compounds 
are provided. The method is useful for preparing larger scale 
amounts of peptide linked oligomeric compounds. More 
particularly, the synthesis of peptide linked oligomeric com 
pounds is performed Without the problems of aggregation 
associated With electrostatic interactions. The present 
method describes using equimolar amounts of oligomeric 
compounds and peptide reagents providing for an increase in 
overall ef?ciency. 
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PROCESS FOR PREPARING PEPTIDE 
DERIVATIZED OLIGOMERIC COMPOUNDS 

RELATED APPLICATION DATA 

[0001] This patent application is a continuation-in-part of 
US. patent application Ser. No. 09/658,517 ?led on Sep. 8, 
2000, the contents of Which are incorporated herein by 
reference. 

FIELD OF THE INVENTION 

[0002] The present invention is directed to methods for 
synthesizing oligomeric compounds covalently linked to 
peptides via a linking moiety. The method has particular 
advantages for larger scale synthesis of peptide linked 
oligomeric compounds. The present method signi?cantly 
reduces the cost of preparing peptide linked oligomeric 
compounds. More speci?c objectives and advantages of the 
invention Will hereinafter be made clear or become apparent 
to those skilled in the art during the course of explanation of 
preferred embodiments of the invention. 

BACKGROUND OF THE INVENTION 

[0003] Modi?ed oligonucleotides are of great value in 
molecular biological research and in applications such as 
anti-viral therapy. Modi?ed oligonucleotides Which can 
block RNA translation, and are nuclease resistant, are useful 
as antisense reagents. In addition to oligonucleotides that 
have phosphodiester internucleotide linkages, sulfuriZed oli 
gonucleotides Which contain, for example, phosphorothioate 
linkages are also of interest in these areas. Because of their 
chirality (Rp and Sp) phosphorothioate containing oligo 
nucleotides are useful in determining stereochemical path 
Ways of certain enZymes Which recogniZe nucleic acids. 

[0004] It is Well knoWn that most of the bodily states in 
multicellular organisms, including most disease states, are 
effected by proteins. Such proteins, either acting directly or 
through their enZymatic or other function, contribute in 
major proportion to many diseases and regulatory functions 
in animals and humans. For disease states, classical thera 
peutics has generally focused upon interactions With such 
proteins in efforts to moderate their disease-causing or 
disease-potentiating functions. In neWer therapeutic 
approaches, modulation of the actual production of such 
proteins is desired. By interfering With the production of 
proteins, the maximum therapeutic effect may be obtained 
With minimal side effects. It is therefore a general object of 
such therapeutic approaches to interfere With or otherWise 
modulate gene expression, Which Would lead to undesired 
protein formation. 

[0005] One method for inhibiting speci?c gene expression 
is With the use of oligonucleotides, especially oligonucle 
otides Which are complementary to a speci?c target mes 
senger RNA (mRNA) sequence. Several oligonucleotides 
are currently undergoing clinical trials for such use. Phos 
phorothioate oligonucleotides are presently being used as 
such antisense agents in human clinical trials for various 
disease states, including use as antiviral agents. 

[0006] Transcription factors interact With double-stranded 
DNA during regulation of transcription. Oligonucleotides 
can serve as competitive inhibitors of transcription factors to 
modulate their action. Several recent reports describe such 
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interactions (see Bielinska, A., et. al., Science, 1990, 250, 
997-1000; and Wu, H., et. al., Gene, 1990, 89, 203-209). 

[0007] In addition to such use as both indirect and direct 
regulators of proteins, oligonucleotides and their analogs 
also have found use in diagnostic tests. Such diagnostic tests 
can be performed using biological ?uids, tissues, intact cells 
or isolated cellular components. As With gene expression 
inhibition, diagnostic applications utiliZe the ability of oli 
gonucleotides and their analogs to hybridiZe With a comple 
mentary strand of nucleic acid. Hybridization is the 
sequence speci?c hydrogen bonding of oligomeric com 
pounds via Watson-Crick and/or Hoogsteen base pairs to 
RNA or DNA. The bases of such base pairs are said to be 
complementary to one another. 

[0008] Oligonucleotides and their analogs are also Widely 
used as research reagents. They are useful for understanding 
the function of many other biological molecules as Well as 
in the preparation of other biological molecules. For 
example, the use of oligonucleotides and their analogs as 
primers in PCR reactions has given rise to an expanding 
commercial industry. PCR has become a mainstay of com 
mercial and research laboratories, and applications of PCR 
have multiplied. For example, PCR technology noW ?nds 
use in the ?elds of forensics, paleontology, evolutionary 
studies and genetic counseling. Commercialization has led 
to the development of kits Which assist non-molecular 
biology-trained personnel in applying PCR. Oligonucle 
otides and their analogs, both natural and synthetic, are 
employed as primers in such PCR technology. 

[0009] Oligonucleotides and their analogs are also used in 
other laboratory procedures. Several of these uses are 
described in common laboratory manuals such as Molecular 
Cloning,A Laboratory Manual, Second Ed., J. Sambrook, et 
al., Eds., Cold Spring Harbor Laboratory Press, 1989; and 
Current Protocols In Molecular Biology, F. M. Ausubel, et 
al., Eds., Current Publications, 1993. Such uses include as 
synthetic oligonucleotide probes, in screening expression 
libraries With antibodies and oligomeric compounds, DNA 
sequencing, in vitro ampli?cation of DNA by the poly 
merase chain reaction, and in site-directed mutagenesis of 
cloned DNA. See Book 2 of Molecular Cloning, A Labo 
ratory Manual, supra. See also “DNA-protein interactions 
and The Polymerase Chain Reaction” in Vol. 2 of Current 
Protocols In Molecular Biology, supra. 

[0010] Oligonucleotides and their analogs can be synthe 
siZed to have customiZed properties that can be tailored for 
desired uses. Thus a number of chemical modi?cations have 
been introduced into oligomers to increase their usefulness 
in diagnostics, as research reagents and as therapeutic enti 
ties. Such modi?cations include those designed to increase 
binding to a target strand (i.e. increase their melting tem 
peratures, Tm), to assist in identi?cation of the oligonucle 
otide or an oligonucleotide-target complex, to increase cell 
penetration, to stabiliZe against nucleases and other enZymes 
that degrade or interfere With the structure or activity of the 
oligonucleotides and their analogs, to provide a mode of 
disruption (terminating event) once sequence-speci?cally 
bound to a target, and to improve the pharmacokinetic 
properties of the oligonucleotide. 

[0011] The chemical literature discloses numerous proto 
cols for coupling nucleosides through phosphorous-contain 
ing covalent linkages to produce oligonucleotides of de?ned 
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sequence. One of the most routinely used protocols is the 
phosphoramidite protocol (see, e.g., Advances in the Syn 
thesis of Oligonucleotides by the Phosphoramidite 
Approach, Beaucage, S. L.; Iyer, R. P., Tetrahedron, 1992, 
48, 2223-2311 and references cited therein; and The syn 
thesis of Modi?ed Oligonucleotides by the Phosphoramidite 
Approach and their applications, Beaucage, S. L.; Iyer, R. P., 
Tetrahedron, 1993, 49, 6123-6194 and references cited 
therein), Wherein a nucleoside or oligonucleotide having a 
free hydroxyl group is reacted With a protected phosphora 
midite monomer in the presence of a Weak acid to form a 
phosphite-linked structure. Oxidation of the phosphite link 
age With a suitable reagent effects conversion of a PIII 
internucleoside linkage to a PV internucleoside linkage. For 
the purpose of this application, such reagents include oxy 
gen transfer reagents and sulfur transfer reagents. Subse 
quent hydrolysis of the cyanoethyl group yields the desired 
phosphodiester or phosphorothioate linkage. 

[0012] Phosphoramidites are commercially available from 
a variety of commercial sources (included are: Glen 
Research, Sterling, Va.; Amersham Pharmacia Biotech Inc., 
PiscataWay, N.J.; Cruachem Inc., Aston, Pa.; Chemgenes 
Corporation, Waltham, Mass.; Proligo LLC, Boulder, Colo.; 
PE Biosystems, Foster City Calif.; Beckman Coulter Inc., 
Fullerton, Calif.). 
[0013] Peptide conjugates of antisense compounds have 
been prepared to enhance the overall effect of these com 
pounds. In order to change pharmacokinetic distribution, 
cationic groups such as polylysine, polyornithine, polyhis 
tidine and polyarginine and hydrophobic groups such as 
aromatic aminoacid containing peptides have been 
covalently linked to oligonucleotides. Peptide ligands tar 
geting cellular receptors have been conjugated to oligo 
nucleotides to enhance cellular permeation. Oligonucle 
otides have also been modi?ed With peptides that are 
believed to function as synthetic nucleases. 

[0014] In one particular study, the thermodynamic melting 
of a library containing peptide linked oligonucleotides Was 
analyZed to explore the in?uence of various peptide side 
chains on the hybridiZation properties of the DNA (see: 
Frier, et al., Nucleosides Nucleotides, 1999, 18, 1477-1478; 
and Harrison, et al., Nucleic Acids Res., 1998, 26, 3136 
3145). An invariant 8-mer oligonucleotide Was coupled to a 
?ve-residue variable peptide region composed of the cat 
ionic amino acids lysine, ornithine, histidine and arginine, 
the hydrophobic amino acid tryptophan, and alanine as a 
spacer. Melting temperature analysis indicated nearly 1° C. 
increase for each cationic residue present and Tm depended 
principally on the number of cationic residues. Thus the free 
energies of binding for polycationic peptide linked oligo 
nucleotides Were signi?cantly enhanced compared With the 
unmodi?ed 8-mer. The origin of this stabiliZing effect Was 
derived from a more exothermic enthalpic term. A study of 
pH dependence shoWed that the polyhistidine conjugate Was 
particularly sensitive to pH changes near neutrality, as 
indicated by a signi?cant rise in Tm from 19.5° C. at pH 8.0 
to 285° C. at pH 6.0. 

[0015] In another study, the hybridiZation properties of a 
series of oligomers, based on tWo different 9-mer oligode 
oxynucleotide sequences With an appended oligoarginine 
chain (Rn) Were investigated (see: Wei, et al., NucleicAcids 
Res., 1996, 24, 55-61). The oligomers Were either peptide 
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linked oligonucleotides or peptide-bridged oligonucleotide 
pairs (e.g., Rn-oligonucleotide or oligonucleotide-Rn-oligo 
nucleotide). For the double-linked probes, it Was found that 
the peptide bridge induces the tWo 9-mers to bind comple 
mentary single-stranded DNA or RNA targets With substan 
tially enhanced thermal stability. Single or double-linked 
labeled oligomers complexed to complementary RNA Were 
able to activate RNase H. 

[0016] A synthetic 12-mer oligodeoxyribonucleotide has 
been coupled at its 5‘ terminus to a series of positively 
charged (6-ornithine)n-cysteine peptides (see: Zhu, et al., 
Antisense Res. Dev., 1993, 3, 265-275). Site-directed cleav 
age With RNase H demonstrated that the peptide-modi?ed 
oligomer hybridiZed With its RNA target sequence. 
Increased affinity for target mRNA Was also observed. 

[0017] Melting studies of the complex betWeen an Ha-ras 
antisense oligonucleotide carrying nuclear localiZation pep 
tide sequences (NLS) and target mRNA shoWed that the 
conjugated oligonucleotide formed a more stable duplex 
compared With unmodi?ed oligonucleotides (see: Garcia de 
la Torre, et al., Bioconjugate Chem., 1999, 10, 1005-1012). 
Despite the presence of the linked peptide, good mismatch 
discrimination Was maintained When the conjugated oligo 
nucleotide Was bound to target RNA. 

[0018] Fusogenic peptides belong to another family of 
peptides that has been studied in antisense applications. One 
such fusogenic peptide, derived from the in?uenZa hema 
glutinin envelope protein, has been conjugated to antisense 
oligonucleotides (see: BongartZ, et al., Nucleic Acids Res., 
1994, 22, 4681-8468). This peptide changes conformation at 
acidic pH and destabiliZes the endosomal membrane result 
ing in an increased cytoplasmic delivery of the antisense 
oligonucleotide. The use of similar fusogenic peptides con 
jugated to an anti-TAT antisense oligodeoxynucleotide via a 
disul?de or thioether bond resulted in 5- to 10-fold improve 
ment of the anti-HIV activity of the phosphodiester anti 
sense oligonucleotide on de novo infected CEM-SS lym 
phocytes in serum-free media. No toxicities Were observed 
at the effective doses (0.1-1 uM). HoWever, no sequence 
speci?city Was observed and the fusogenic peptide pos 
sessed some antiviral activities on its oWn (IC5O=6 uM). A 
phosphorothioate (deoxycytidine)28 (S-dC28) peptide con 
jugate and a streptavidin-peptide-biotinylated S-dC28 
adduct shoWed activity similar to the unconjugated S-dC28 
oligonucleotide (ICSO: 0.1-1 nM). 

[0019] Enhanced cellular uptake of oligonucleotides by 
EGF-R-mediated endocytosis in epithelial cancer cells 
(A549 cells) has been demonstrated (see: Deshpande, et al., 
1996, Pharm. Res., 13, 57-61). To overcome the problem of 
endosomal entrapment associated With receptor-mediated 
delivery, the authors evaluated the effects of tWo fusogenic 
peptides, polymyxin B and in?uenZa HA2 peptide, for their 
capability to promote cytoplasmic delivery of oligonucle 
otides. A conjugate consisting of EGF and poly-L-lysine 
(PL) Was synthesiZed and complexed With 5‘ ?uorescently 
labeled oligonucleotide. Cellular uptake of this complex in 
the presence or absence of the fusogenic peptides Was 
monitored ?uorometrically and intracellular distribution of 
the oligonucleotide Was determined. Cells treated With the 
complex exhibited signi?cantly enhanced intracellular ?uo 
rescence over controls treated With oligonucleotide alone. 
Microscopic ?uorescence studies revealed, hoWever, that the 
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complex accumulated in endocytic vesicles. Exposure of the 
cells to the complex in the presence of HA2 peptide and 
polymyxin B resulted in a more diffused intracellular ?uo 
rescence pattern and an increase in ?uorescence intensity. 
These results are consistent With the knoWn fusion and 
destabilizing activities of the peptides. The uptake of the 
complex Was shoWn to occur via the EGF receptor-mediated 
pathWay. Since EGF receptors are overexpressed in many 
cancer cell types, the EGF-PL conjugate may potentially be 
used as an effective and selective delivery system to enhance 
uptake of oligonucleotides into cancer cells. 

[0020] Another approach to the intracellular delivery of 
oligonucleotides is based on the use of several types of 
“delivery peptides” that seem to have the ability to carry 
large, polar molecules including peptides, oligonucleotides, 
and even proteins across cell membranes (see: SchWarZe, et 
al., Trends Cell Biol., 2000, 10, 290-295; and SchWarZe, et 
al., Science (Washington, D. C.), 1999, 285, 1569-1572). 
TWo examples of delivery peptides are a 35-amino-acid 
sequence (“Tat”) from the HIV Tat protein, and a 16-amino 
acid sequence (“Ant”) from the Drosophila Antennapedia 
protein. Antennapedia-type peptides have been used to 
deliver oligonucleotides, including PNAs, into neuronal 
cells, but their general applicability is yet to be completely 
studied. Other types of peptides, containing hydrophobic 
motifs and special recognition motifs, have also been used 
for antisense delivery. 

[0021] Ant and Tat peptide-oligonucleotide conjugates 
have been prepared for the MDR-1 system (see: Astriab 
Fisher, et al., Biochem. PharmacoL, 2000, 60, 83-90). The 
phosphorothioate oligonucleotide component of the conju 
gates Was complementary to a site ?anking the AUG of the 
message for P-glycoprotein, a membrane ATPase associated 
With multidrug resistance in tumor cells. Both types of 
peptide-antisense oligonucleotide conjugates, but not mis 
matched control conjugates, provided substantial inhibition 
(34%) of cell-surface expression of P-glycoprotein at sub 
micromolar concentrations. The peptide-oligonucleotide 
conjugates Were more potent in the presence of serum than 
When used under serum-free conditions Which is in contrast 
to cationic lipid-based approaches for intracellular delivery 
of nucleic acids. FloW cytometry pro?les indicated the 
conjugates accumulated in cells to a much greater degree 
than the free oligonucleotides. The conjugates reached the 
nucleus While the free oligonucleotides had virtually no 
intracellular ?uorescence. 

[0022] Nuclear delivery of antisense oligodeoxynucle 
otides and selective inhibition of cholesteryl ester transfer 
protein (CETP) expression by an antisense oligonucleotide 
complexed to N,N-dipalmitylglycyl-apo E peptide has been 
shoWn in a Chinese hamster ovary (CHO) cell line. The cells 
Were stably tranfected With human CETP (Liu, et al.,Arte 
rioscler'. Throm. Vasc. Biol., 1999, 19, 2207-2213). N,N 
Dipalmitylglycyl-apolipoprotein E (129-169) peptide 
(dpGapoE) has been shoWn to be an ef?cient gene delivery 
system for both plasmids and antisense oligodeoxynucle 
otides. dpGapoE contains the minimum determinants for 
binding to both lipid surfaces and the LDL receptor. Thus, 
dpGapoE could be used to target oligonucleotides to liver. 
After transfection of oligodeoxynucleotides by dpGapoE, 
translocation of oligonucleotide to the nuclei and concen 
tration in nuclear structures Was observed in >95% of the 
cells at 6 and 12 hours by ?uorescence microscopy With 
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oligonucleotide observed for >48 hours. No membrane 
disruption Was observed after transfection. Cellular CETP 
mRNA levels gradually declined, and the maximum reduc 
tion in the mRNA level (>50%) Was observed at 36 hours, 
after Which the mRNA level started to recover. CETP 
activity in the culture medium declined over 72 hours, With 
maximum reduction observed at 36 hours (54% of control). 
Neither CETP mRNA levels nor CETP activity changed 
after the transfection of sense phosphorothioate oligodeoxy 
nucleotides delivered by dpGapoE complex or naked anti 
sense oligodeoxynucleotides. This is the ?rst demonstration 
of the use of an LDL receptor-binding peptide for the 
delivery of antisense oligonucleotides. This approach may 
enable gene regulation in vivo and development of antiath 
erosclerotic agents to alter high-density lipoprotein metabo 
lism. 

[0023] Eighteen conjugates of phosphorothioate oligo 
nucleotides to membrane translocation and nuclear localiZa 
tion peptides Were prepared in good yield and Were thor 
oughly characteriZed With electrospray ioniZation mass 
spectra (see: Antopolsky, et al., Bioconjugate Chem, 1999, 
10, 598-606). When applied to cells, conjugates exhibiting 
membrane translocation and nuclear localiZation properties 
displayed ef?cient intracellular penetration but failed to 
shoW improved antisense effects. Studies on the intracellular 
distribution of the ?uorescein-labeled conjugates revealed 
that the conjugates Were trapped in endosomes. 

[0024] It has been demonstrated that conjugates of trans 
porter peptides to PNA shoW improved delivery and are able 
to regulate galanin receptor levels and modify pain trans 
mission in vivo (see: International Patent Application PCT/ 
US99/05302, ?led Jul. 16, 1999; Pooga, et al., Nat. Biotech 
n0l., 1998, 16, 857-861; and Villa, et al., FEBS Lett., 2000, 
473, 241-248). A PNA antisense 21-mer to the human type 
1 galanin receptor Was linked via a labile cysteine disul?de 
bond to biotin-labeled peptides knoWn to impart cell mem 
brane permeant properties. These peptides Were transportan 
(galanin (1-12)-Lys-mastoparan (1-14)amide) and pAnten 
napedia (pAntp (43-58), the third helix of Atennapedia 
homeodomain). The resulting conjugates improved internal 
iZation and doWn-regulated the human galanin receptor in 
BoWes cell line and in rat spinal cord in vivo. The intrathecal 
administration of the peptide-PNA construct resulted in a 
decrease in galanin binding in the dorsal horn. Due to 
decreased binding, galanin could not inhibit the C ?bers 
stimulation-induced facilitation of the rat ?exor re?ex, dem 
onstrating that peptide-PNA constructs acted in vivo to 
suppress expression of functional galanin receptors. These 
peptides have been demonstrated to translocate across the 
plasma membrane of eukaryotic cells by an energy-inde 
pendent pathWay (see: Lindgren, et al., Trends Pharmacol. 
Sci, 2000, 21, 99-103.). 
[0025] Nine different peptides containing a hydrophobic 
motif associated With a nuclear localiZation signal (Chaloin, 
L., Vidal, P. Lory, P. Mery, J. Lautredou, N. Divita, G., and 
HeitZ, F. Design of carrier peptide-oligonucleotide conju 
gates With rapid membrane translocation and nuclear local 
iZation properties derived from SV40 antigen T separated by 
various linkers have been synthesiZed on solid phase (see: 
Chaloin, et al., Biochein. Biophys. Res. Commun, 1998, 
243, 601-608.) The hydrophobic sequence corresponded 
either to a signal peptide sequence of Caiman crocodylus or 
to a fragment of the fusion peptide of gp41N, While the 
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hydrophilic sequence Was that of a nuclear localization 
signal. The C-termini of these peptides bear a cysteamide 
group linked to a ?uorescent probe to alloW the cellular 
localiZation to be determined. The peptide conjugate Was 
successfully synthesiZed using a disul?de bridge and then 
used to target ?uorescently tagged phosphorothioate oli 
godeoxynucleotides into ?broblasts. The presence of a 
linker appears to play a role in the cellular localiZation. In a 
5 minute incubation time more than 90% cells Were targeted. 
It appeared that the membrane-associated conformational 
state of the peptides Was crucial for the internaliZation 
process and endocytosis can be ruled out since no tempera 
ture (4 or 37° C.) effect on the internaliZation Was observed. 

[0026] The signal peptide (SEQ ID No. 11) should be able 
to convey oligonucleotides to the endoplasmic reticulum and 
from there to the cytosol and the nucleus Where their targets 
are located (see: Arar, et al., Bioconjugate Chem, 1995, 6, 
573-577.) A 5‘,3‘-modi?ed pentacosanucleotide, comple 
mentary to the translation initiation region of the gag mRNA 
of HIV, Was coupled to a (bromoacetyl)dodecapeptide con 
taining a KDEL signal sequence. The anti-HIV activity of 
the pentacosanucleotide Was compared With that of penta 
cosanucleotide-dodecapeptide conjugates linked through 
either a thioether bond or a disul?de bridge. The conjugate 
With a thioether bond Was shoWn to have a higher antiviral 
activity than the peptide-free oligonucleotide or the conju 
gate linked via a disul?de bond. 

[0027] In another approach, an oligonucleotide-Tat pep 
tide conjugate, having dual binding capability for a desig 
nated RNA, Was designed (see: Tung, et al., Bioconjagate 
Chemistry 1995, 6, 292-295.) The peptide portion of the 
conjugate interacts With a folded domain in the RNA, 
Whereas the oligonucleotide portion hybridiZes With a 
nearby single-stranded region in the RNA. The dual speci 
?city Was proven in a model HIV-1 TAR RNA system using 
an RNase H cleavage assay to assess antisense binding to 
this RNA. The peptide portion of the conjugate Was shoWn 
to confer increased speci?city on the oligonucleotide. 

[0028] Antisense oligonucleotides, targeting human 
immuno-de?ciency virus type 1 (HIV), have been linked to 
fusion peptides derived from the HIV transmembrane gly 
coprotein gp41 (see: Soukchareun, et al., Bioconjugate 
Chem, 1995, 6, 43-53.) Thermal denaturation studies 
shoWed that the interaction of the conjugate With its comple 
mentary strand Was similar to that of unmodi?ed oligonucle 
otides. Thus in this example, the peptide does not confer 
additional stability to the oligonucleotide-mRNA complex. 

[0029] A number of methods have been used to synthesiZe 
and purify oligonucleotide-peptide conjugates. One method 
has been developed to fragment couple pre-synthesiZed 
peptides to the 2‘-position of a selected nucleotide Within an 
otherWise protected oligonucleotide chain attached to a solid 
support (see: Zubin, et al., FEBS Lett., 1999, 456, 59-62.) 
Synthesis of nucleopeptide-oligonucleotide conjugates has 
been carried out on o-ornithine peptides by modi?cation of 
the a-amino ornithine functional group With pyrimidyl-1 
and purinyl-9-acetic acids or With pyrimidyl-1-and purinyl 
9-alanines (see: Sumbatyan, et al., Nucleosides Nucleotides, 
1999, 18, 1489-1490.) Nucleopeptides have also been pre 
pared on a solid polymer bearing a photo-activatable linker. 
Conjugates With the 16-mer oligonucleotide complementary 
to the env AUG codon region of the Friend murine leukemia 
virus Were prepared in this manner. 
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[0030] Solid-phase synthesis of several peptide-oligo 
nucleotide conjugates has been achieved using a peptide 
fragment coupling strategy on a controlled pore glass sup 
port (see: Peyrottes, et al., Tetrahedron, 1998, 54, 12513 
12522; Peyrottes, et al., Nucleosides Nucleotides, 1999, 18, 
1443-1448.) The conjugates contained either a hydrophobic 
tetrapeptide (Leu-Gly-Ile-Gly) or an 8-residue basic peptide 
of the HIV-1 Tat protein coupled to one of tWo oligodeox 
yribonucleotides (an oligoribonucleotide or a mixed ribo/ 
2‘—O-Me oligonucleotide). Improved yields Were obtained 
When internucleotide [3-cyanoethyl groups Were removed 
from the support-bound oligonucleotide prior to peptide 
fragment coupling, and by use of a long alkyl spacer in the 
linkage betWeen peptide and oligonucleotide. 

[0031] Another study describes synthesis of DNA-peptide 
conjugate molecules on oxime resin (see: Fujii, et al., Pept. 
Sci., 1999, 35, 293-296.) The oligonucleotide and peptide 
are covalently linked by cleaving the DNA fragment syn 
thesiZed on modi?ed oxime resin in the presence of inde 
pendently prepared peptide fragment bearing free terminal 
ot-amino group and protected side chain residues. This 
method affords DNA conjugate molecules in moderate to 
good yields. A different solid-phase synthesis of oligonucle 
otides conjugated at the 3’termini to a peptide has been 
developed (see: De Napoli, et al.,Bioorg. Med. Chem, 1999, 
7, 395-400). A 17-mer antisense oligonucleotide against 
HIV-1, linked at the 3‘-terminus to the tripeptide Gly-Gly 
His, Was prepared in good yields and characteriZed by 
MALDI-TOF mass spectrometry. 

[0032] A highly basic peptide (net charge +8) derived 
from the HIV-1 Tat protein Was conjugated With quantitative 
yield to a 19-mer rhodamine-labeled phosphodiester oligo 
nucleotide activated by the pyridinesulfenyl group (see: 
Vives, et al., Tetrahedron Lett., 1997, 38, 1183-1186.) To 
avoid precipitation due to antagonist charges of the oligo 
nucleotide and the peptide, the conjugation Was performed 
in high salt concentration (400 mM) and acetonitrile (40%). 
[0033] Synthesis and characteriZation of very short pep 
tide-oligonucleotide conjugates and stepWise solid-phase 
synthesis of peptide-oligonucleotide conjugates on neW 
solid supports have been described (see: Bongardt, et al., 
Innovation Perspect. Solid Phase Synth. Comb. Libr., Col 
lect. Pap., Int. Symp, 5th, 1999, 267-270; Antopolsky, et al., 
Helv. Chim. Acta, 1999, 82, 2130-2140). These supports are 
designed to link the 3‘-terminus of an oligonucleotide to the 
C-terminal end of a peptide via a phosphodiester or phos 
phorothioate bond in the process of stepWise solid-phase 
assembly. 
[0034] Oligonucleotide-peptide complexes offer another 
non-RNase H mechanism of sequence-speci?c, hydrolytic 
cleavage of mRNA. Oligonucleoitde-peptide conjugates 
designed for mRNA cleavage have been obtained using 
several methods. By appending a maleimide group to an 
oligonucleotide, selective coupling to the thiol side chain of 
a cysteine residue in a peptide has been performed in 53% 
overall yield (see: Tung, et al.,Bioconjugate Chem, 1991, 2, 
464-5). TWo oligonucleotide conjugates With peptide moi 
eties that either mimic the active site of RNase A (HGH 
motif) or that contain a Cu(II) completing metallopeptide 
(GGH motif) have been synthesiZed by solid phase synthesis 
methods With penta?uorophenyl active esters of amino acids 
and Boc-His(Tos)-OH (see: Truffert, et al., Tetrahedron, 
1996, 52, 3005-16.). 
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[0035] Highly ef?cient endonucleolytic cleavage of 
single-stranded RNA by a 30-amino acid Zinc-?nger peptide 
has been reported (see: Lima, et al., Proc. Natl. Acad. Sci. 
U.S.A., 1999, 96, 10010-10015.) The peptide sequence cor 
responds to a single Zinc ?nger of the human male-associ 
ated ZFY protein, a transcription factor belonging to the 
CysZHis2 family of Zinc-?nger proteins. Interestingly, RNA 
cleavage Was observed only in the absence of Zinc. Coor 
dination With Zinc resulted in complete loss of RNase 
activity. The active structure Was found to be a homodimeric 
form of the peptide. DimeriZation occurred through a single 
intermolecular disul?de betWeen tWo of the four cystines. 
The catalytic activity Was single-stranded RNA-speci?c; 
single-stranded DNA, double-stranded RNA and DNA, and 
2‘—O-methoxy-modi?ed oligonucleotides Were not 
degraded by the peptide. The peptide speci?cally cleaved 
after pyrimidines With a preference for the dinucleotide 
sequence 5‘-pyr-A-3‘. The RNA cleavage products consisted 
of a 3‘ phosphate and 5‘ hydroxyl. The initial rates of 
cleavage (V0) observed for the ?nger peptide Were compa 
rable to rates observed for human RNases, and the catalytic 
rate (K0,) was comparable to rates observed for the group II 
intron riboZymes. The pH pro?le exhibited by the peptide is 
characteristic of general acid-base catalytic mechanisms 
observed With other RNases. Different chemical methods 
have been proposed to conjugate this peptide to antisense 
oligonucleotides (see: International Patent Application PCT/ 
US99/23273, ?led Oct. 6, 1999.). 

[0036] Design of a synthetic nuclease using a Zinc-binding 
peptide tethered to a rhodium intercalator can hydrolyze 
DNA (see: FitZsimons, M. P., and Barton, J. K. Design of a 
Synthetic Nuclease: DNA Hydrolysis by a Zinc-Binding 
Peptide Tethered to a Rhodium Intercalator, in J. Am. Chem. 
Soc, 1997, 119, 3379-3380.) A 16 amino acid peptide, 
DPDGLGHA-AKHEAAAK Which binds stoichiometric 
Zinc ion, has been tethered to the DNA-intercalating metal 
complex Rh(phi)2bpy‘ (phi=phenanthrenequinone diimine, 
bpy‘=4-butyric acid-4-methyl-2,2‘-bipyridine) to construct a 
synthetic DNase. In this combination of DNA-binding and 
reactive moieties, the rhodium intercalator delivers the 
appended peptide for reaction With DNA. In the presence of 
Zn2+, the Rh(phi)2bpy‘-peptide conjugate at pM concentra 
tion cleaves supercoiled pBR322 DNA and a 17-base pair 
oligonucleotide duplex under mild conditions. The rate 
constant for the cleavage of pBR322 DNA by Rh(phi)2bpy‘ 
peptide at pH 6.0 is 2510.2 10'5 s_1. Product analysis of 
cleaved oligonucleotide fragments shoWs 3‘-hydroxyl ter 
mini exclusively. These results demonstrate a stereospeci?c, 
hydrolytic DNA cleavage reaction by a synthetic complex. 
Similar experiments With RNA have not been reported. 

[0037] Systematic studies of the sequence and the struc 
tural requirements for good cell penetration and compart 
mentaliZation in a range of cell lines as Well as correlation 
With biological activity have not yet been reported for 
peptide-oligonucleotide conjugates. This is because such 
studies have been hampered by the often cumbersome and 
inef?cient methods required for the chemical synthesis of 
such bioconjugates (see: Stetsenko, et al., J. Org. Chem, 
2000, 65, 4900-4908). Current synthetic procedures for 
making peptide linked oligomeric compounds, especially 
those derived from the cationic peptides, are problematic 
due aggregation complications associated With electrostatic 
interactions. Additionally, current methods require excess 
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peptide reagents Which render these syntheses dif?cult, 
labor-intensive, and economically unfeasible. 

[0038] Thus, there is a need in the art for cost-effective and 
ef?cient methods for the large scale synthesis of peptide 
linked oligomeric compounds. 

SUMMARY OF THE INVENTION 

[0039] The present invention provides methods useful for 
the preparation of peptide linked oligomeric compounds. 
The process comprises the steps of: 

[0040] (a) providing a support medium derivatiZed 
With a compound Wherein each compound comprises 
a protected hydroxyl group; 

[0041] (b) treating the protected hydroxyl group With 
a deprotecting reagent effective to deprotect the 
hydroxyl group; 

[0042] (c) reacting the deprotected hydroxyl group 
With a nucleoside having a protected hydroxyl group 
and an activated phosphorus containing substituent 
group thereby forming an extended compound; 

[0043] (d) optionally treating the extended compound 
With a capping agent to form a capped compound; 

[0044] (e) optionally repeating steps (b), (c) and (d) 
to form a further extended compound; 

[0045] treating the capped compound or the fur 
ther extended compound With an oxidiZing reagent 
thereby forming an oxidiZed compound comprising 
one or more nucleosides; 

[0046] (g) repeating steps (b), (c), (d), (e) and for 
oxidiZed compounds comprising one nucleoside or 
optionally repeating steps (b), (c), (d), (e) and for 
oxidiZed compounds comprising more than one 
nucleoside to give a further oxidiZed compound; 

[0047] (h) cleaving the oxidiZed compound or the 
further oxidiZed compound from the support 
medium to give the oligomeric compound compris 
ing a linking moiety. 

[0048] treating the linking moiety attached to the 
oligomeric compound With a reagent effective to 
form a reactive sulfur moiety on the linking moiety; 
and 

[0049] reacting the reactive sulfur moiety With a 
peptide the peptide functionaliZed With a functional 
group reactive With the sulfur moiety thereby form 
ing the peptide linked oligomeric compound. 

[0050] In preferred embodiments the nucleoside is a 2‘-, 
3‘-, or 5‘-phosphoramidite or a 2‘-, 3‘-, or 5‘-H-phosphonate. 

[0051] In another preferred embodiment the activated 
phosphorus containing substituent group is a phosphoramid 
ite, H-phosphonate, phosphate triester or a chiral auxiliary. 

[0052] In one embodiment, one of either the reactive 
sulfur moiety or the functional group is —SH and the other 
of the reactive sulfur moiety or functional group is a 
disul?de group. 
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[0053] In a preferred embodiment the derivatiZed support 
medium is 3‘-thiol-modi?er C3 S—S CPG (DMT-O— 
(CH2)3—S—S—(CH23—O-succinyl-LCAA-CPG). 

[0054] 
acid labile. Preferred hydroXyl protecting groups are trityl, 

trimethoXytrityl, 

In one embodiment, hydroXyl protecting groups are 

monomethoXytrityl, dimethoXytrityl, 
9-phenylXanthin-9-yl (PiXyl) and 9-(p-methoXyphenyl)Xan 
thin-9-yl (MOX). These protecting groups are removed by 
treatment With Weak acid preferably dichloroacetic acid or 

trichloroacetic acid. 

[0055] 
20% acetic anhydride in acetonitrile miXed With about an 

In one embodiment, the capping agent comprises 

equal volume of a solution having 20% N-methylimidaZole, 
30% pyridine and 50% acetonitrile. 

[0056] 
using aqueous ammonium hydroxide. In another embodi 

In one embodiment, the cleaving step is performed 

ment, the cleaving is performed using a bifunctional com 
pound having an internal disul?de group. A preferred 
bifunctional compound has the formula H2N—(CH2)2—S— 

S—(CH2)2—NH2. 

[0057] 
the invention have from about 5 to about 50 nucleosides, 

In one embodiment, the oligomeric compounds of 

With from about 8 to about 30 nucleosides preferred and 

from about 15 to about 25 nucleosides more preferred. 

[0058] 
preparing a peptide linked oligomeric compound having one 

In another embodiment, methods are provided for 

of the formulas: 

T1 0 O BX 

or 

T R1 
X1—P=X2 

I n 
O 

| 
J] 

| . 
Peptide 

T1 0 O BX 

or 

R1 (|) 
X1—P=X2 

I n 
O 

| 
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-continued 

ll’eptide 
II 
T 

X—P=X2 

O O BX 

R1 
H 

Ti 

[0059] Wherein 

[0060] T1 is hydrogen or a hydroXyl protecting 
group; 

[0061] 
[0062] each X1 is, independently, O, Pg-O—, S, Pg 
S—, CJL-C1O straight or branched chain alkyl, 
CH3(CH2)g—O—, R2R3N— or a group remaining 
from coupling a chiral auxiliary; 

[0063] g is from 0 to 10; 

[0064] Pg is CH3, —CH2CH2CN, —C (CH3) 
(CH3)—CCl3>—CH2—CCl3, —CH2CH=CH2, 
CH2CH2SiCH3, 2-yl-ethyl phenylsulfonate, o-cy 
anobutenyl, cyano p-Xylyl, diphenylsilylethyl, 4-ni 
tro-2-yl-ethylbenZene, 2-yl-ethyl-methyl sulfonate, 
methyl-N-tri?uoroacetyl ethyl, acetoXy phenoXy 
ethyl, or a blocking group; 

[0065] each R2 and R3 is, independently, hydrogen, 
C1-C1O alkyl, cycloalkyl or aryl; 

each X2 is, independently, O or S; 

[0066] or optionally, R2 and R3, together With the 
nitrogen atom to Which they are attached form a 
cyclic moiety; 

[0067] each BX is, independently, a heterocyclic base 
moiety; 

[0068] each R1 is, independently, H, a blocked 
hydroXyl group, or a sugar substituent group; 

[0069] n is from 2 to about 50; and 

[0070] J] has one of the formulas; 
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-continued 

5 

W i /\/S—S N N 
H H 

* 

or 

[0071] wherein * denotes the point of attachment to 
the peptide; 

[0072] comprising the steps of: 

[0073] providing an oligomeric compound of the 
formula: 

T1 0 BX 

or 

T1 0 BX 

OT 

R1 
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[0074] Wherein: 

[0075] L has one of the formulas: 

g/VS—S /N_\ 
%\/\S_S / \ 

w l W /\ 

WE E/VH /N_\ 
[0076] reacting said oligomeric compound With a peptide 
having a —SH functional group thereby forming said pep 
tide linked oligomeric compound. 

[0077] In some embodiments, peptide linked oligomeric 
compounds have one of the formulas: 
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[0078] wherein 

[0079] T1 is hydrogen or a hydroXyl protecting 
group; 

[0080] J is 

[0082] 
[0083] 
[0084] each X1 is, independently, Pg—O—, 
Pg—S—, C1-C1O straight or branched chain alkyl, 
CH3 (CH2)g—O—, R2R3N— or a group remaining 
from coupling a chiral auxiliary; 

[0085] g is from 0 to 10; 

[0086] Pg is CH3, —CH2CH2CN, —C(CH3) (CH3) 
CCl3, —CH2—CCl3, —CH2CH=CH2, 
CH2CH2SiCH3, 2-yl-ethyl phenylsulfonate, S-cy 
anobutenyl, cyano p-Xylyl, diphenylsilylethyl, 4-ni 
tro-2-yl-ethylbenZene, 2-yl-ethyl-methyl sulfonate, 
methyl-N-tri?uoroacetyl ethyl, acetoXy phenoXy 
ethyl, or a blocking group; 

[0087] each R2 and R3 is, independently, hydrogen, 
C1-C1O alkyl, cycloalkyl or aryl; 

C1-C12 alkyl or —(CH2)m—G— 

m is from 2 to about 12; 

each X2 is, independently, O or S; 

[0088] or optionally, R2 and R3, together With the 
nitrogen atom to Which they are attached form a 
cyclic moiety; 

[0089] each BX is, independently, a heterocyclic base 
moiety; and 

[0090] each R1 is, independently, H, a blocked 
hydroXyl group, or a sugar substituent group; 

[0091] n is from 2 to about 50; and 

[0092] nn is from 2 to about 10. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0093] FIG. 1 is a How scheme shoWing synthesis of a 
peptide linked olignucleotide having disul?de and amide 
functional groups in the linkage. 

[0094] 
peptide. 
[0095] FIG. 3 is a formula of a speci?c peptide linked 
oligomeric compound Where the peptide is de?ned (Anten 
napedia and TAT peptides). 

FIG. 2 is a formula of a representative cationic 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0096] The present invention is directed to methods for 
preparing peptide linked oligomeric compounds. The meth 
ods of the present invention provide improved synthetic 
schemes Which avoid the problems of the prior art, such as 
those encountered during synthesis of cationic peptides, e.g., 
complications due to the aggregation problems associated 
With electrostatic interactions and the problems generated by 
use of eXcess peptide reagents used in the procedures knoWn 
heretofore. 
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[0097] The synthetic methods of the present invention 
employ equimolar amounts of functionaliZed oligomeric 
compounds and peptide reagents, Which has successfully 
resulted in the large scale synthesis, i.e., 2500 OD (100 mg) 
scale- of an antennapedia peptide linked to a MOE gapmer 
oligomeric compound having SEQ ID No 1.- This scaled-up 
synthesis is signi?cantly larger than any synthesis previ 
ously reported in the literature. 

[0098] In one aspect of the present invention an oligo 
meric compound is prepared having a functional group 
attached through a phosphorous substituent group to a 2‘-, 3‘ 
or 5‘-O-position of a terminal nucleoside. This functional 
group is further treated With one or more reagents to form an 
activated functional group Which is capable of forming a 
disul?de linkage With a thiolated peptide. One example of 
this activation is shoWn beloW: 

DTT 

O 

[0099] Here a 3‘-terminal phosphorothioate oligomeric 
compound is prepared using support methodologies and 
cleaved. The disul?de bridge present is converted into a 
more reactive disul?de bridge by treatment With DTT fol 
loWed by treatment With 2,2‘-dithiodipyridine. This method 
converts the oligomeric compound to a reactive species able 
to form a disul?de bridge With a thiolated peptide. The ?nal 
compound from this sequence Will have the formula: 

O 

[0100] The method is particularly useful for the formation 
of peptide linked oligomeric compounds giving high purity 
product in high yields. The use of equimolar amounts of 
reactants as opposed to using an eXcess of peptide reagent 
loWers the cost of synthesis and greatly simpli?es the 
puri?cation process. This activation process can be used to 
form variable linkages betWeen the oligomeric compound 
and the peptide. The process is also amenable to all types of 
oligomeric compounds. The terminal phosphorus species is 
also variable. 

[0101] A representative list of functional groups that are 
activated and used to link thiolated peptides to oligomeric 
compounds are shoWn beloW: 



US 2002/0156235 A1 Oct. 24, 2002 

o 
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S i 
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S i s/ \/\N N NMSM 
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WHWW O 
NMSM 
H 

NMSM 
H 

o 
o 

s 
S/ \/\N O 

H NMSM 
H 

o 

[0102] Where the left side of the functional group is linked 
to an oligomeric compound through a phosphorus substitu 
ent group and SM is a support medium. 

[0103] The support bound oligomeric compounds can be 
cleaved from the support medium using standard method 
ologies or can be treated With a compound that cleaves the 

functional group at some point. In one aspect of the inven 

tion the functional group is treated With DTT folloWed by 

2,2‘-dithiodipyridine to activate the disul?de group. The 

oligomeric compound having an activated disul?de group is 
reacted in about equimolar amounts With a thiolated peptide 

to give the ?nal peptide linked oligomeric compound. 

[0104] The above representative functional groups Will 
yield ?nal products as shoWn beloW: 

-continued 
0 

i S—S—peptide 
N N/\/ 
H H 

S 

i S—S—peptide 

[0105] In an alternate approach the thiol group attached to 
the peptide can be activated With DTT/2,2‘-dithiodipyridine 
and reacted With the oligomeric compound having a terminal 
thiol group as shoWn above after reacion With DTT. 

[0106] Peptides are thiolated by incorporating a cysteine 
group or can be thiolated synthetically (see Example 20). 

[0107] In one aspect of the present invention, a support 
medium is derivatiZed With a compound having a protected 
hydroxyl group. This hydroxyl group is deprotected and 
reacted With a nucleoside having an activated phosphorus 
containing substituent group located at a 2‘-, 3‘- or 5‘-posi 
tion to form an extended compound. The extended com 
pound could be further reacted With another nucleoside 
having an activated phosphorus containing substituent group 
thereby forming a further extended compound. Alterna 
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tively, the deprotected hydroxyl group could be reacted With 
an oligomeric compound having an activated phosphorus 
containing substituent group located at a terminal 2‘-, 3‘- or 
5‘-position to form a further extended compound. 

[0108] After completion of the synthesis, the extended 
compound or further extended compound from the support 
medium by cleaving at the site of attachment of the com 
pound to the medium. Thus, the compound initially attached 
to the support media remains With the oligomeric compound 
and preferably contains a disul?de bridge. The disul?de 
bridge can be present initially or can be created during the 
cleaving reaction. The disul?de bridge is activated With a 
reagent such as DTT and further reacted With a thiol group 
attached to a peptide thus forming the peptide linked oligo 
meric compound. 

[0109] In one aspect of the present invention, the disul?de 
bridge is formed by treatment of the support bound oligo 
meric compound With a cleaving agent that leaves the 
disul?de bridge behind. Such a reaction scheme is shoWn in 
FIG. 1. Here an oligomeric compound attached to a support 
medium through an amide containing compound is treated 
With a disul?de compound to give the desired disul?de 
bridge. The disul?de bridge is further treated With DTT to 
activate it toWards reaction With a thiol group. This activated 
disul?de is reacted With a thiol group attached to a peptide 
thus forming the peptide linked oligomeric compound. 
[0110] OxidiZing reagents that are effective to transfer an 
oxygen atom (thereby converting a pIII linkage to a PV 
linkage) include Without limitation m-chloroperbenZoic 
acid; iodobenZene diacetate, tetra-n-butylammonium perio 
date; tert-butyl hydroperoxide; di-tert-butyl hydroperoxide; 
cumene hydroperoxide; hydrogen peroxide; bis-trimethylsi 
lyl peroxide; and catalytic amounts of trimethylsilyl tri?ate; 
dinitrogen tetroxide and molecular oxygen in the presence of 
2,2‘-aZobis(2-methylpropionitrile) under thermal or photo 
chemical conditions; and (1S)-(+)-(10-camphorsulfonyl) 
oxaZiridine; iodine/tetrahydrofuran/Water/pyridine; hydro 
gen peroxide/Water; tert-butyl hydroperoxide; and a peracid 
like m-chloroperbenZoic acid (see revieW article Beaucage 
et al., Current Protocols in Nucleic Acid Chemistry, 2000, 
331-3320). In the case of oxidation to a sulfur species 
(sulfuriZation), the reaction is generally performed under 
anhydrous conditions With the exclusion of air or oxygen. In 
the case of oxidation the reaction can be performed under 
aqueous conditions. 

[0111] OxidiZing reagents that transfer a sulfur atom (sul 
furiZing reagents) are used to form phosphorothioate or 
other sulfuriZed internucleoside linkages such as, for 
example, phosphorodithioate internucleoside linkages. Sul 
furiZing reagents amenable to the present invention include 
those that are partially or completely soluble in a selected 
capping reagent or reagents. In addition, the sulfuriZing 
reagent should be compatible, i.e., stable and non-reactive 
With the capping reagents. Preferred sulfuriZing reagents are 
commercially available in bulk for considerably less cost 
than most traditional sulfuriZing agents that are currently in 
use. Alternatively, a sulfuriZing reagent is selected because 
of its ease of synthesis from inexpensive bulk reagents. 

[0112] One important criteria for a preferred sulfuriZing 
reagent is its ability incorporate sulfur and exclude incor 
poration of oxygen. Analysis of an oxidiZed oligomer, using 
31P NMR, Will give the percentages of sulfuriZed and 
oxygeniZed internucleoside linkages. 
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[0113] SulfuriZed internucleoside linkages amenable to 
the present invention include those that are prepared by 
methods knoWn in the art to give chirally enhanced or 
chirally pure sulfuriZed linkages for those linkages that are 
not achiral. Preferred sulfuriZed linkages that are prepared 
by the present methods include: 

[0114] phosphorothioate (—O—P(S)(O)—O—); 
[0115] phosphorodithioate (—O—P(S)(S)—O—); 
[0116] phosphorthioamidate (—O—P(S) (NJn)— 

[0117] phosphonothioate (—O—P (Jn) (S)—O—); 
[0118] boranothiophosphate (—O—P(S) (BJ3)-Jn-); 

[0119] Wherein “Jn,” denotes a substituent group Which is 
commonly hydrogen or an alkyl group, but Which can be a 
more complicated group that varies from one type of linkage 
to another but is Well knoWn to the art skilled. 

[0120] Representative United States Patents that teach the 
preparation of the above phosphorus atom containing link 
ages include, but are not limited to, Us. Pat. Nos. 3,687, 
808; 4,469,863; 4,476,301; 5,023,243; 5,166,387; 5,177, 
196; 5,188,897; 5,264,423; 5,276,019; 5,278,302; 5,286, 
717; 5,321,131; 5,399,676; 5,405,939; 5,453,496; 5,455, 
233; 5,466,677; 5,476,925; 5,519,126; 5,536,821; 5,541, 
306; 5,550,111; 5,563,253; 5,571,799; 5,587,361; 5,625, 
050; and 5,697,248, certain of Which are commonly oWned 
by the assignee of this application, and each of Which is 
herein incorporated by reference. 

[0121] Positional modi?cations, also knoWn in the art, 
involve the linking of nucleosides in a non-naturally occur 
ring motif. As used herein the term “positional modi?cation” 
is meant to include Without limitation 2‘,5‘-internucleoside 
linkages. Combining modi?cations eg using modi?ed 
chemistries and positional modi?cations of selected inter 
nucleoside linkages is also amenable to the present invention 
Where for example a 2‘,5‘-phosphoramidate internucleoside 
linkage is employed. The 2‘-5‘-linkage has been used at the 
termini of oligomeric compounds to enhance the nuclease 
resistance (as described in US. application Ser. No. 09/435, 
806, ?led Nov. 8, 1999). 

[0122] A representative list of sugar substituent groups 
amenable to the present invention include C1-C2O alkyl, 
CZ-C2O alkenyl, C2-C2O alkynyl, CS-C2O aryl, O-alkyl, O-alk 
enyl, O-alkynyl, O-alkylamino, (O-alkyl-N(H)alkyl), 
O-alkylaminodialkyl (O-alkyl-N-(alkyl)2), O-alkylalkoxy 
(O-alkyl-O-alkyl), O-alkyl-(N-imidaZole), S-alkenyl, 
S-alkynyl, NH-alkyl, NH-alkenyl, NH-alkynyl, N-dialkyl, 
O-aryl, S-aryl, NH-aryl, O-aralkyl, S-aralkyl, NH-aralkyl, 
N-phthalimido, halogen (particularly ?uoro), keto, carboxyl, 
nitro, nitroso, nitrile, tri?uoromethyl, tri?uoromethoxy, imi 
daZole, aZido, hydraZino, hydroxylamino, isocyanato, sul 
foxide, sulfone, sul?de, disul?de, silyl, heterocycle, car 
bocycle, polyamine, polyamide, polyalkylene glycol, and 
polyethers of the formula (O-alkyl)m, Where m is 1 to about 
10. Preferred among these polyethers are linear and cyclic 
polyethylene glycols (PEGs), and (PEG)-containing groups, 
such as croWn ethers and those Which are disclosed by Ouchi 
et al. (Drug Design and Discovery 1992, 9, 93), Ravasio et 
al. (J. Org. Chem. 1991, 56, 4329) and Delgardo et. al. 
(Critical Reviews in Therapeutic Drug Carrier Systems 
1992, 9, 249), each of Which is herein incorporated by 
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reference in its entirety. Further sugar modi?cations are 
disclosed in Cook, P. D.,Anti-Cancer Drug Design, 1991, 6, 
585-607. Fluoro, O-alkyl, O-alkylarnino, O-alkyl irnidaZole, 
O-alkylarninoalkyl, and alkyl arnino substitution is 
described in US. patent application Ser. No. 08/398,901, 
?led Mar. 6, 1995, entitled Oligorneric Compounds having 
Pyrirnidine Nucleotide(s) With 2‘ and 5‘ Substitutions, 
hereby incorporated by reference in its entirety. 

[0123] Additional sugar substituent groups amenable to 
the present invention include —SR and —NR2 groups, 
Wherein each R is, independently, hydrogen, a protecting 
group or substituted or unsubstituted alkyl, alkenyl, or 
alkynyl. 2‘-SR nucleosides are disclosed in US. Pat. No. 
5,670,633, issued Sep. 23, 1997, hereby incorporated by 
reference in its entirety. The incorporation of 2‘-SR rnono 
rner synthons are disclosed by Harnrn et al., J. Org. Chem., 
1997, 62, 3415-3420. 2‘-NR2 nucleosides are disclosed by 
Goettingen, M., J. Org. Chem., 1996, 61, 6273-6281; and 
Polushin et al., Tetrahedron Lett., 1996, 37, 3227-3230. 

[0124] Further sugar substituent groups have one of for 
rnula I or II: 

[0125] Wherein: 

[0126] Z0 is O, S or NH; 

[0127] J is a single bond, O or C(=O); 

[0128] E is C1'C10 alkyL N(R1) (R2)> N(R1) (R5)> 
N=C(R1) (R2), N=C(R1) (R5) or has one of for 
rnula III or IV; 

R10 

[0129] each R6, R7, R8, R9 and R10 is, independently, 
hydrogen, C(O)R11, substituted or unsubstituted 
C1-C1O alkyl, substituted or unsubstituted C2-C1O 
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alkenyl, substituted or unsubstituted C2-C1O alkynyl, 
alkylsulfonyl, arylsulfonyl, a chemical functional 
group or a conjugate group, Wherein the substituent 
groups are selected from hydroXyl, arnino, alkoXy, 
carboXy, benZyl, phenyl, nitro, thiol, thioalkoXy, 
halogen, alkyl, aryl, alkenyl and alkynyl; 

[0130] or optionally, R7 and R8, together form a 
phthalirnido moiety with the nitrogen atom to Which 
they are attached; 

[0131] or optionally, R9 and R10, together form a 
phthalirnido moiety with the nitrogen atom to Which 
they are attached; 

[0132] each R11 is, independently, substituted or 
unsubstituted C1-C1O alkyl, tri?uorornethyl, cyano 
ethyloXy, rnethoXy, ethoXy, t-butoXy, allyloXy, 
9-?uorenylrnethoXy, 2-(trirnethylsilyl)-ethoXy, 2,2,2 
trichloroethoXy, benZyloXy, butyryl, isobutyryl, phe 
nyl or aryl; 

[0133] R5 is T-L, 

[0134] T is a bond or a linking rnoiety; 

[0135] L is a chemical functional group, a conjugate 
group or a solid support material; 

[0136] each R1 and R2 is, independently, H, a nitro 
gen protecting group, substituted or unsubstituted 
C1-C1O alkyl, substituted or unsubstituted C2-C1O 
alkenyl, substituted or unsubstituted C2-C1O alkynyl, 
Wherein the substitution is OR3, SR3, NH3+, N(R3) 
(R4), guanidino or acyl Where the acyl is an acid 
arnide or an ester; 

[0137] or R1 and R2, together, are a nitrogen protect 
ing group or are joined in a ring structure that 
optionally includes an additional heteroatorn 
selected from N and O; 

[0138] or R1, T and L, together, are a chemical 
functional group; 

[0139] each R3 and R4 is, independently, H, C1-C1O 
alkyl, a nitrogen protecting group, or R3 and R4, 
together, are a nitrogen protecting group; 

[0140] or R3 and R4 are joined in a ring structure that 
optionally includes an additional heteroatorn 
selected from N and O; 

[0141] Z4 is OX, SX, or N(X)2; 

[0142] each X is, independently, H, C1-C8 alkyl, 
C1-C8 haloalkyl, C(=NH)N(H) Rs, C(=O)N(H) R5 
or OC(=O)N(H) R5; 

[0143] R5 is H or C1-C8 alkyl; 

[0144] Z1, Z2 and Z3 comprise a ring system having 
from about 4 to about 7 carbon atoms or having from 
about 3 to about 6 carbon atoms and 1 or 2 hetero 
atorns Wherein the hetero atoms are selected from 
oXygen, nitrogen and sulfur and Wherein the ring 
system is aliphatic, unsaturated aliphatic, arornatic, 
or saturated or unsaturated heterocyclic; 

[0145] Z5 is alkyl or haloalkyl having 1 to about 10 
carbon atoms, alkenyl having 2 to about 10 carbon 
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atoms, alkynyl having 2 to about 10 carbon atoms, 
aryl having 6 to about 14 carbon atoms, N(R1) (R2) 
OR1, halo, SR1 or CN; 

[0146] 
10; 

[0147] 
[0148] q3 is 0 or an integer from 1 to 10; 

each q1 is, independently, an integer from 1 to 

each q2 is, independently, 0 or 1; 

[0149] q4 is an integer from 1 to 10; 

[0150] q5 is from 0, 1 or 2; and provided that When q3 is 
0, q4 is greater than 1. 

[0151] Representative sugar substituent groups of For 
mula I are disclosed in US. patent application Ser. No. 
09/130,973, ?led Aug. 7, 1998, entitled “Capped 2‘-OXy 
ethoXy Oligonucleotides,” hereby incorporated by reference 
in its entirety. 

[0152] Representative cyclic sugar substituent groups of 
Formula II are disclosed in US. patent application Ser. No. 
09/123,108, ?led Jul. 27, 1998, entitled “RNA Targeted 
2‘-Modi?ed Oligonucleotides that are Conformationally 
PreorganiZed,” hereby incorporated by reference in its 
entirety. 
[0153] Particularly preferred sugar substituent groups 
include O[(CH2)nO]mCH3, O(CH2)nOCH3, O(CH2)nNH2, 
O(CHZ>..CH3, O(CHZ)..ONHZ, O(cH2).O[(cH2).cH3>12 
(Where n and m are from 1 to about 10), C1 to C10 loWer 
alkyl, substituted loWer alkyl, alkaryl, aralkyl, O-alkaryl or 
O-aralkyl, SH, SCH3, OCN, Cl, Br, CN, CF3, OCF3, 
SOCH3, SO2CH3, ONO2, NO2, N3, NH2, heterocycloalkyl, 
heterocycloalkaryl, aminoalkylamino, polyalkylamino and 
substituted silyl. Another particularly preferred modi?cation 
includes 2‘-methoXyethoXy (2‘—O—CH2CH2OCH3 or 
2‘-MOE, Martin et al., Helv. Chim. Acta, 1995, 78, 486). A 
further preferred sugar substituent group is 2‘-dimethylami 
nooXyethoXy, i.e., a O(CH2)2ON(CH3)2 group, also knoWn 
as 2‘-DMAOE. Representative aminooXy sugar substituent 
groups are described in co-oWned US. patent application 
Ser. No. 09/344,260, ?led Jun. 25, 1999, entitled “Ami 
nooXy-FunctionaliZed Oligomers”; and US. patent applica 
tion Ser. No. 09/370,541, ?led Aug. 9, 1999, also identi?ed 
by attorney docket number ISIS-3993, entitled AminooXy 
FunctionaliZed Oligomers and Methods for Making Same; 
hereby incorporated by reference in their entirety. 

[0154] Other preferred modi?cations useful as sugar sub 
stituent groups include 2‘-methoXy (2‘—O—CH3), 
2‘-amino-propoXy (2‘-OCH2CH2CH2NH2) and 2‘-?uoro (2‘ 

Similar modi?cations may also be made at other posi 
tions on nucleosides and oligomers, particularly the 3‘ 
position of the sugar on the 3‘ terminal nucleoside or at a 
3‘-position of a nucleoside that has a linkage from the 
2‘-position such as a 2‘-5‘ linked oligomer and at the 5‘-po 
sition at a 5‘-terminus. Oligomers may also have sugar 
mimetics such as cyclobutyl moieties in place of the pento 
furanosyl sugar. Representative United States patents that 
teach the preparation of such modi?ed sugars structures 
include, but are not limited to, US. Pat. Nos. 4,981,957; 
5,118,800; 5,319,080; 5,359,044; 5,393,878; 5,446,137; 
5,466,786; 5,514,785; 5,519,134; 5,567,811; 5,576,427; 
5,591,722; 5,597,909; 5,610,300; 5,627,0531 5,639,873; 
5,646,265; 5,658,873; 5,670,633; and 5,700,920, certain of 
Which are commonly oWned, and each of Which is herein 
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incorporated by reference, and commonly oWned US. 
patent application Ser. No. 08/468,037, ?led on Jun. 5, 1995, 
also herein incorporated by reference. 

[0155] Representative guanidino sugar substituent groups 
that are shoWn in formula III and IV are disclosed in 
co-oWned US. patent application Ser. No. 09/349,040, 
entitled “FunctionaliZed Oligomers”, ?led Jul. 7, 1999, 
hereby incorporated by reference in its entirety. 

[0156] Representative acetamido sugar substituent groups 
are disclosed in US. patent application Ser. No. 09/378,568, 
entitled “2‘-O-Acetamido Modi?ed Monomers and Oligo 
mers”, ?led Aug. 19, 1999, also identi?ed by attorney docket 
number ISIS-4071, hereby incorporated by reference in its 
entirety. 
[0157] Representative dimethylaminoethyloXyethyl sugar 
substituent groups are disclosed in International Patent 
Application PCT/US99/17895, entitled “2‘—O-Dimethy 
laminoethyloXyethyl-Modi?ed Oligonucleotides”, ?led 
Aug. 6, 1999, also identi?ed by attorney docket number 
ISIS-4045, hereby incorporated by reference in its entirety. 

[0158] The use of miXed modi?cations in the terminal 
regions of an oligonucleotide to impart nuclease resistance 
is also Within the scope of the present invention. For 
eXample an oligomeric compound of the invention can have 
enhanced nuclease resistance resulting from one or more 
modi?ed internucleoside linkages at the 5‘ end and one or 
more sugar substituent groups at the 3‘ end. Another type of 
a miXed modi?cation includes having a modi?ed inter 
nucleoside linkage and a sugar substituent group at the same 
end of a selected oligomeric compound. Other examples 
include sugar substituent groups or modi?ed linkages used 
in conjunction With a non-standard linkage such as a 2‘, 
5‘-internucleoside linkage. 

[0159] Oligomeric compounds according to the present 
invention preferably comprise from about 5 to about 50 
nucleosides. It is more preferred that such compounds 
comprise from about 8 to about 30 nucleosides, With 15 to 
25 nucleosides being particularly preferred. 

[0160] In general, the term “hetero” denotes an atom other 
than carbon, preferably but not exclusively N, O, or S. 
Accordingly, the term “heterocyclic ring” denotes an alkyl 
ring system having one or more heteroatoms (i.e., non 
carbon atoms). Heterocyclic ring structures of the present 
invention can be fully saturated, partially saturated, unsat 
urated or With a polycyclic heterocyclic ring each of the 
rings may be in any of the available states of saturation. 
Heterocyclic ring structures of the present invention also 
include heteroaryl, Which includes fused systems including 
systems Where one or more of the fused rings contain no 
heteroatoms. Heterocycles, including nitrogen heterocycles, 
according to the present invention include, but are not 
limited to, imidaZole, pyrrole, pyraZole, indole, 1H-inda 
Zole, ot-carboline, carbaZole, phenothiaZine, phenoXaZine, 
tetraZole, triaZole, pyrrolidine, piperidine, piperaZine and 
morpholine groups. A more preferred group of nitrogen 
heterocycles includes imidaZole, pyrrole, indole, and carba 
Zole groups. 

[0161] A heterocyclic base moiety (often referred to in the 
art simply as a “base” or a “nucleobase”) amenable to the 
present invention includes both naturally and non-naturally 
occurring nucleobases. The heterocyclic base moiety further 
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may be protected Wherein one or more functionalities of the 
base bears a protecting group. As used herein, “unmodi?ed” 
or “natural” nucleobases include the purine bases adenine 
and guanine, and the pyrimidine bases thymine, cytosine and 
uracil. Modi?ed nucleobases include other synthetic and 
natural nucleobases such as 5-methylcytosine (5-me-C), 
5-hydroxymethyl cytosine, xanthine, hypoxanthine, 2-ami 
noadenine, 6-methyl and other alkyl derivatives of adenine 
and guanine, 2-propyl and other alkyl derivatives of adenine 
and guanine, 2-thiouracil, 2-thiothymine and 2-thiocytosine, 
5-halouracil and cytosine, 5-propynyl uracil and cytosine, 
6-aZo uracil, cytosine and thymine, 5-uracil (pseudouracil), 
4-thiouracil, 8-halo, 8-amino, 8-thiol, 8-thioalkyl, 8-hy 
droxyl and other 8-substituted adenines and guanines, 5-halo 
particularly 5-bromo, 5-tri?uoromethyl and other 5-substi 
tuted uracils and cytosines, 7-methylguanine and 7-methy 
ladenine, 8-aZaguanine and 8-aZaadenine, 7-deaZaguanine 
and 7-deaZaadenine and 3-deaZaguanine and 3-deaZaad 
enine. Further nucleobases include those disclosed in US. 
Pat. No. 3,687,808, those disclosed in the Concise Encyclo 
pedia Of Polymer ScienceAnd Engineering, pages 858-859, 
KroschWitZ, J. 1., ed. John Wiley & Sons, 1990, those 
disclosed by Englisch et al., Angewandte Chemie, Interna 
tional Edition, 1991, 30, 613, and those disclosed by Sang 
hvi, Y. S., Chapter 15,Antisense Research and Applications, 
pages 289-302, Crooke, S. T. and Lebleu, B., ed., CRC 
Press, 1993. 

[0162] Certain nucleobases are particularly useful for 
increasing the binding affinity of oligomeric compounds. 
These include 5-substituted pyrimidines, 6-aZapyrimidines 
and N-2, N-6 and O-6 substituted purines, including 2-ami 
nopropyladenine, 5-propynyluracil and 5-propynylcytosine. 
5-methylcytosine substitutions have been shoWn to increase 
nucleic acid duplex stability by 0.6-1.2° C. (Id., pages 
276-278) and are presently preferred base substitutions, 
even more particularly When combined With 2‘-methoxy 
ethyl sugar modi?cations. 

[0163] Representative United States patents that teach the 
preparation of modi?ed nucleobases include, but are not 
limited to, US. Pat. Nos. 3,687,808; 4,845,205; 5,130,302; 
5,134,066; 5,175,273; 5,367,066; 5,432,272; 5,457,187; 
5,459,255; 5,484,908; 5,502,177; 5,525,711; 5,552,540; 
5,587,469; 5,594,121, 5,596,091; 5,614,617; and 5,681,941, 
certain of Which are commonly oWned, and each of Which is 
herein incorporated by reference, and commonly oWned 
US. patent application Ser. No. 08/762,488, ?led on Dec. 
10, 1996, also herein incorporated by reference. 

[0164] The attachment of conjugate groups to oligomers is 
Well documented in the prior art. The present methods 
include preparation of oligomeric compounds that include 
conjugate groups covalently bound to functional groups 
such as primary or secondary hydroxyl groups. Conjugate 
groups of the invention include intercalators, reporter mol 
ecules, polyamines, polyamides, polyethylene glycols, poly 
ethers, groups that enhance the pharmacodynamic properties 
of oligomers, and groups that enhance the pharmacokinetic 
properties of oligomers. Typical conjugates groups include 
cholesterols, phospholipids, biotin, phenaZine, phenanthri 
dine, anthraquinone, acridine, ?uoresceins, rhodamines, 
coumarins, and dyes. Groups that enhance the pharmacody 
namic properties, in the context of this invention, include 
groups that improve oligomer uptake, enhance oligomer 
resistance to degradation, and/or strengthen sequence-spe 
ci?c hybridiZation With RNA. Groups that enhance the 
pharmacokinetic properties, in the context of this invention, 
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include groups that improve oligomer uptake, distribution, 
metabolism or excretion. Representative conjugate groups 
are disclosed in International Patent Application PCT/US92/ 
09196, ?led Oct. 23, 1992, US. Pat. No. 5,578,718, issued 
Jul. 1, 1997, and US. Pat. No. 5,218,105. Each of the 
foregoing is commonly assigned With this application. The 
entire disclosure of each is incorporated herein by reference. 

[0165] Preferred conjugate groups amenable to the present 
invention include lipid moieties such as a cholesterol moiety 
(Letsinger et al., Proc. Natl. Acad. Sci. USA, 1989, 86, 
6553), cholic acid (Manoharan et al., Bioorg. Med. Chem. 
Lett., 1994, 4, 1053), a thioether, e.g., hexyl-S-tritylthiol 
(Manoharan et al., Ann. NY Acad. Sci, 1992, 660, 306; 
Manoharan et al., Bioorg. Med. Chem. Let., 1993, 3, 2765), 
a thiocholesterol (Oberhauser et al., Nucl. Acids Res., 1992, 
20, 533), an aliphatic chain, e.g., dodecandiol or undecyl 
residues (Saison-Behmoaras et al., EMBO J., 1991, 10, 111; 
Kabanov et al., FEBS Lett., 1990, 259, 327; Svinarchuk et 
al., Biochimie, 1993, 75, 49), a phospholipid, e.g., di 
hexadecyl-rac-glycerol or triethylammonium-1,2-di-O 
hexadecyl-rac-glycero-3-H-phosphonate (Manoharan et al., 
Tetrahedron Lett., 1995, 36, 3651; Shea et al., Nucl. Acids 
Res., 1990, 18, 3777), a polyamine or a polyethylene glycol 
chain (Manoharan et al., Nucleosides & Nucleotides, 1995, 
14, 969), adamantane acetic acid (Manoharan et al., Tetra 
hedron Lett., 1995, 36, 3651), a palmityl moiety (Mishra et 
al., Biochim. Biophys. Acta, 1995, 1264, 229), or an octa 
decylamine or hexylamino-carbonyl-oxycholesterol moiety 
(Crooke et al., J. Pharmacol. Exp. Ther., 1996, 277, 923). 

[0166] Other groups that can be attached to oligomeric 
compounds to modify antisense properties include RNA 
cleaving complexes, pyrenes, metal chelators, porphyrins, 
alkylators, hybrid intercalator/ligands and photo-cross-link 
ing agents. RNA cleavers include o-phenanthroline/Cu com 
plexes and Ru(bipyridine)32+ complexes. The Ru(bpy)32+ 
complexes are believed to interact With nucleic acids and 
cleave nucleic acids photochemically. Metal chelators 
include EDTA, DTPA, and o-phenanthroline. Alkylators 
include compounds such as iodoacetamide. Porphyrins 
include porphine, its substituted forms, and metal com 
plexes. Pyrenes include pyrene and other pyrene-based 
carboxylic acids that could be conjugated using the similar 
protocols. 

[0167] As used herein, “polyamine” refers to a moiety 
containing a plurality of amine or substituted amine func 
tionalities. Polyamines according to the present invention 
have at least tWo amine functionalities. “Polypeptide” refers 
to a polymer comprising a plurality of amino acids linked by 
peptide linkages, and includes dipeptides and tripeptides. 
The amino acids may be naturally-occurring or non-natu 
rally-occurring amino acids. Polypeptides according to the 
present invention comprise at least tWo amino acids. 

[0168] The methods of the present invention illustrate the 
use of activated phosphorus compositions (e.g. compounds 
having activated phosphorus-containing substituent groups) 
in coupling reactions. As used herein, the term activated 
phosphorus composition includes monomers and oligomers 
that have an activated phosphorus-containing substituent 
group that is reactive With a hydroxyl group of another 
monomeric or oligomeric compound to form a phosphorus 
containing internucleotide linkage. Such activated phospho 
rus groups contain activated phosphorus atoms in pIII 
valence state. Such activated phosphorus atoms are knoWn 
in the art and include, but are not limited to, phosphoramid 
ite, H-phosphonate, phosphate triesters and chiral auxilia 
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ries. A preferred synthetic solid phase synthesis utilizes 
phosphoramidites as activated phosphates. The phosphora 
midites utilize PIII chemistry. The intermediate phosphite 
compounds are subsequently oxidized to the pv state using 
knoWn methods to yield, in a preferred embodiment, phos 
phodiester or phosphorothioate internucleotide linkages. 
Additional activated phosphates and phosphites are dis 
closed in Tetrahedron Report Number 309 (Beaucage and 
Iyer, Tetrahedron, 1992, 48, 2223-2311). 
[0169] A representative list of activated phosphorus con 
taining monomers or oligomers include those having the 
formula: 

[0170] Wherein 

[0171] each BX is, independently, a heterocyclic base 
moiety or a blocked heterocyclic base moiety; and 

[0172] each R1 is, independently, H, a blocked 
hydroXyl group, a sugar substituent group, or a 
blocked substituent group; 

[0173] T3 is an hydroXyl protecting group, a nucleo 
side, a nucleotide, an oligonucleoside or an oligo 
nucleotide; 

[0174] R4 is N(L1)L2; 
[0175] each L1 and L2 is, independently, C1_6 alkyl; 

[0176] or L1 and L2 are joined together to form a 4 
to 7-membered heterocyclic ring system including 
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the nitrogen atom to Which L1 and L2 are attached, 
Wherein the ring system optionally includes at least 
one additional heteroatom selected from O, N and S; 
and 

[0177] R5 is X1; 
[0178] X1 is Pg-O—, Pg-S—, C1-C1O straight or 

branched chain alkyl, CH3(CH2 nn—O— or 
R2R3N—; 

[0179] nn is from 0 to 10; 

[0180] Pg is a blocking group; 

[0181] each R2 and R3 is, independently, hydrogen, 
C1-C1O alkyl, cycloalkyl or aryl; 

[0182] or optionally, R2 and R3, together With the 
nitrogen atom to Which they are attached form a 
cyclic moiety that may include an additional het 
eroatom selected from O, S and N; or 

[0183] R4 and Rstogether With the phosphorus atom 
to Which R4 and R5 are attached form a chiral 
auXiliary. 

[0184] Groups that are attached to the phosphorus atom of 
internucleotide linkages before and after oxidation (R4 and 
R5) can include nitrogen containing cyclic moieties such as 
morpholine. Such oXidized internucleoside linkages include 
a phosphoromorpholidothioate linkage (Wilk et al., Nucleo 
sides and nucleotides, 1991, 10, 319-322). Further cyclic 
moieties amenable to the present invention include mono-, 
bi- or tricyclic ring moieties Which may be substituted With 
groups such as OX0, acyl, alkoXy, alkoXycarbonyl, alkyl, 
alkenyl, alkynyl, amino, amido, azido, aryl, heteroaryl, 
carboXylic acid, cyano, guanidino, halo, haloalkyl, 
haloalkoXy, hydrazino, ODMT, alkylsulfonyl, nitro, sul?de, 
sulfone, sulfonamide, thiol and thioalkoXy. Apreferred bicy 
clic ring structure that includes nitrogen is phthalimido. 

[0185] Some representative eXamples of R4 and R5 groups 
Which are knoWn to the art skilled and are amenable to the 
present invention are shoWn beloW: 

R4 R5 

CH3 Tm 
—N CHCH3 



US 2002/0156235 A1 Oct. 24, 2002 
15 

-continued 

R4 R5 R4 R5 

CH3 CH3 

‘FHS 
—N CHCH3 2 

CH3 CH3 
| —O—CH2CH2 N02 | 

—N CHCH3 —N CHCH3 
Z 

[0186] further examples include: 

CH3 

2 

R 4 R5 

—O—CH2CH2—?—CH3 —N 
O 

—O—CH3 

—N [0187] A number of chemical functional groups can be renders a chemical functionality of a larger molecule inert to 

introduced into compounds of the invention in a blocked speci?c reaction conditions and can later be removed from 
form and subsequently deblocked to form a ?nal, desired such functionality Without substantially damaging the 
compound. Such as groups directly or indirectly attached at remainder of the molecule (Greene and Wuts, Protective 
the heterocyclic bases, the internucleoside linkages and the Groups in Organic Synthesis, 3rd ed, John Wiley & Sons, 
sugar substituent groups at the 2‘, 3‘ and 5‘-positions. Pro- NeW York, 1999). For example, the nitrogen atom of amino 
tecting groups can be selected to block functional groups groups can be blocked as phthalimido groups, as 9-?uore 
located in a groWing oligomeric compound during iterative nylmethoXycarbonyl (FMOC) groups, and With triphenylm 
oligonucleotide synthesis While other positions can be selec- ethylsulfenyl, t-BOC or benZyl groups. CarboXyl groups can 
tively deblocked as needed. In general, a blocking group be blocked as acetyl groups. Representative hydroXyl pro 
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tecting groups are described by Beaucage et al., Tetrahedron 
1992, 48, 2223. Preferred hydroxyl protecting groups are 
acid-labile, such as the trityl, monomethoxytrityl, dimethox 
ytrityl, trimethoxytrityl, Q-phenyLxanthine-Q-yl (Pixyl) and 
9-(p-methoxyphenyl)xanthine-9-yl (M OX). 
[0188] Chemical functional groups can also be “blocked” 
by including them in a precursor form. Thus, an aZido group 
can be used considered as a “blocked” form of an amine 
since the aZido group is easily converted to the amine. 
Further representative protecting groups utiliZed in oligo 
nucleotide synthesis are discussed in AgraWal, et al., Pro 
tocols for Oligonucleotide Conjugates, Eds, Humana Press; 
NeW Jersey, 1994; Vol. 26 pp. 1-72. 

[0189] Examples of hydroxyl protecting groups include, 
but are not limited to, t-butyl, t-butoxymethyl, methoxym 
ethyl, tetrahydropyranyl, l-ethoxyethyl, 1-(2-chloroethoxy 
)ethyl, 2-trimethylsilylethyl, p-chlorophenyl, 2,4-dinitro 
phenyl, benZyl, 2,6-dichlorobenZyl, diphenylmethyl, p,p‘ 
dinitrobenZhydryl, p-nitrobenZyl, triphenylmethyl, 
trimethylsilyl, triethylsilyl, t-butyldimethylsilyl, t-butyl 
diphenylsilyl, triphenylsilyl, benZoylformate, acetate, chlo 
roacetate, trichloroacetate, tri?uoroacetate, pivaloate, ben 
Zoate, p-phenylbenZoate, 9-?uorenylmethyl carbonate, 
mesylate and tosylate. 

[0190] Amino-protecting groups stable to acid treatment 
are selectively removed With base treatment, and are used to 
make reactive amino groups selectively available for sub 
stitution. Examples of such groups are the Fmoc Ather 
ton and R. C. Sheppard in The Peptides, S. Udenfriend, J. 
Meienhofer, Eds., Academic Press, Orlando, 1987, volume 
9, p1), and various substituted sulfonylethyl carbamates 
exempli?ed by the Nsc group (Samukov et al., Tetrahedron 
Lett, 1994, 35:7821; Verhart and Tesser, Rec. Trav. Chim. 
Pays-Bas, 1987, 107:621). 
[0191] Additional amino-protecting groups include but are 
not limited to, carbamate-protecting groups, such as 2-tri 
methylsilylethoxycarbonyl (Teoc), 1-methyl-1-(4-bipheny 
lyl)ethoxycarbonyl (Bpoc), t-butoxycarbonyl (BOC), ally 
loxycarbonyl (Alloc), 9-?uorenylmethyloxycarbonyl 
(Fmoc), and benZyloxycarbonyl (CbZ); amide-protecting 
groups, such as formyl, acetyl, trihaloacetyl, benZoyl, and 
nitrophenylacetyl; sulfonamide-protecting groups, such as 
2-nitrobenZenesulfonyl; and imine- and cyclic imide-pro 
tecting groups, such as phthalimido and dithiasuccinoyl. 
Equivalents of these amino-protecting groups are also 
encompassed by the compounds and methods of the present 
invention. 

[0192] In some especially preferred embodiments, the 
nucleoside components of the oligomeric compounds are 
connected to each other by optionally protected phospho 
rothioate internucleoside linkages. Representative protect 
ing groups for phosphorus containing internucleoside link 
ages such as phosphite, phosphodiester and 
phosphorothioate linages include [3-cyanoethyl, diphenylsi 
lylethyl, 5-cyanobutenyl, cyano p-xylyl (CPX), N-methyl 
N-tri?uoroacetyl ethyl (META), acetoxy phenoxy ethyl 
(APE) and butene-4-yl groups. See for example US. Pat. 
Nos. 4,725,677 and Re. 34,069 ([3-cyanoethyl); Beaucage, S. 
L. and Iyer, R. P., Tetrahedron, 49 No. 10, pp. 1925-1963 
(1993); Beaucage, S. L. and Iyer, R. P., Tetrahedron, 49 No. 
46, pp. 10441-10488 (1993); Beaucage, S. L. and Iyer, R. P., 
Tetrahedron, 48 No. 12, pp. 2223-2311 (1992). 
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[0193] Standard oligonucleotide synthesis using phosphite 
(PHI) chemistry involves treatment of the groWing oligomer 
With a deprotecting reagent to create a free hydroxyl position 
that is available for a further coupling reaction. Hydroxyl 
protecting groups are preferably removed using a Weak acid. 
Dependant on the choice of protecting group the deprotect 
ing reagent can be acidic, basic, neutral or ?uoride mediated. 
A representative list of deprotecting reagents amenable to 
the present methods includes Without limitation protic acids 
used for removing acid labile protecting groups such as 
dichloro- and trichloroacetic acids, Lewis acids such as 

BF3-etherate, Zinc bromide, AlCl3, TiCl4, (Et)AlCl, 
(I-Bu)2AlCl and other reagents such as ceric ammonium 
nitrate, 1,1,1,3,3,3-hexa?uoro-2-propanol, and diethylox 
omalonate. A preferred deprotecting reagent that is used 
routinely for example for the removal of various trityl 
protecting groups is 2-5% dichloroacetic acid in either 
dichloromethane or dichloroethane. 

[0194] After synthesis the resulting oligomeric compound 
generally is cleaved from the solid support to obtain the free 
oligomer. The step of deprotecting the blocked 5‘-O-hy 
droxyl is usually performed separately as this is generally 
accomplished using an acidic deblocking reagent. This step 
is routinely performed after deprotection, cleavage and 
puri?cation has been performed to enhance the puri?cation 
process by keeping the terminal hydroxyl blocked. The 
deprotection and cleavage steps can be separated into sepa 
rate steps or combined into a single step depending on the 
particular protecting groups, solid support linking groups 
and the choice of reagent or reagents used. In a preferred 
embodiment the simultaneous deprotection and cleavage of 
the ?nal oligomeric compound folloWing synthesis is 
accomplished in one step using a solution of ammonium 
hydroxide (NH4OH (30%) for 15 hours at 60° C., ?ltered, 
rinsed With ethanol/Water (1/ 1, v/v), the combined solutions 
are evaporated to dryness under vacuum). 

[0195] The puri?cation of oligomeric compounds is gen 
erally by reversed phase high performance liquid chroma 
tography (RP-HPLC) performed on a Waters Nova-Pak C18 
column (3.9><300 mm) using a Waters HPLC system (600E 
System Controller, 996Photodiode Array Detector, 717 
Autosampler). For analysis an acetonitrile (A)/0.1 M tri 
ethylammonium acetate gradient is used: 5% to 35% Afrom 
0 to 10 min, then 35% to 40% Afrom 10 to 20 min, then 40% 
to 95% A from 20 to 25 min, ?oW rate=10 mL/min/50% A 
from 8 to 9 min, 9 to 26 min at 50%, How rate=1.0 mL/min, 
tR(DMT-off) 10-11 min, tR(DMT-on) 14-16 min. The DMT 
on fractions are collected and are evaporated in vacuum, 
redissolved in Water and the DMT group removed as 
described beloW. 

[0196] Removal of the ?nal hydroxyl protecting group 
from the 5‘-hydroxyl group is generally performed by treat 
ment With an acidic solution such as acetic acid. The 
oligomeric compound is treated With the acidic solution for 
about 30 minutes at room temperature. The mixture is 
further treated With sodium acetate and cold ethanol fol 
loWed by vortexing and cooling With dry ice. The precipitate 
is centrifuged, separated, Washed and dried to give the ?nal 
deprotected product. 

[0197] The term “nucleoside” as used in connection With 
this invention refers to a monomeric unit made up of a 
heterocyclic base moiety joined to a sugar moiety or sugar 




















































